INTRODUCTION
============

Carotid artery stenosis, usually caused by atherosclerosis, is known to cause ischemic stroke \[[@B1]\]. Treatment for carotid artery stenosis, carotid endarterectomy (CEA) and carotid artery stenting (CAS) have been widely used \[[@B2]\]. CEA is the standard treatment for the primary and secondary prevention of stroke associated with carotid artery stenosis for its safety and durability \[[@B3]\]. CAS is less invasive and the use of embolic protection devices significantly reduces the frequency of adverse events, it is considered a therapeutic alternative to CEA, especially in patients at high risk for surgery \[[@B4],[@B5]\].

New neurological deficit is a major concern associated with these two procedures and finding new embolic lesions after the intervention is very important to both clinicians and patients \[[@B6]\]. Diffusion weighted imaging (DWI) is a good imaging modality for detecting new brain lesions (NBL) \[[@B7],[@B8]\]. In the past, most lesions detected on DWI had not been considered clinically significant, but many data have shown that NBL on DWI should not be overlooked \[[@B9],[@B10]\]. Bonati et al. \[[@B9]\] reported relationships between neurological complications and total DWI lesion volume. They suggest an increasing DWI lesion volume is associated with subsequent symptomatic strokes. Vermeer et al. \[[@B10]\] suggested that patients with silent brain infarcts have a high risk of dementia and cognitive dysfunction. As a result, silent DWI lesions might lead to future neurological impairment.

Compared with CEA, CAS has a higher incidence of NBL. In 32 studies comprising 1,363 CAS and 754 CEA procedures, the incidence of NBL on DWI is 37% after CAS and 10% after CEA \[[@B11]\]. In the study by Bonati et al. \[[@B9]\], about three times more patients after CAS than CEA had at least one NBL detected on posttreatment scans. The number of patients with new DWI is 62 of 124 (50%) in CAS group, 8 of 107 (17%) in CEA group. Due to relatively low incidence of NBL, not much research on the risk factor for postoperative NBL after CEA has been reported. In this study, we investigated surgical complications and identified the potential risk factors of clinical and procedural variables for the incidence of NBL on DWI after CEA.

METHODS
=======

Study population
----------------

From January 2006 to November 2011, 94 patients who had been studied by magnetic resonance imaging (MRI) including DWI within 1 week after CEA were included in this study. The indication of CEA were symptomatic patients with stenosis over seventy percent according to North American Symptomatic Carotid Endarterectomy Trial (NASCET) criteria and asymptomatic patients were considered when they had a stenosis over eighty percent or over fifty percent if the lesion was ulcerative. The luminal area diameter by computed tomographic (CT) angiography was used for the assessment of carotid artery stenosis. Symptomatic patients were defined as those who had experienced amaurosis fugax, a transient ischemic attack (TIA), or a stroke in the territory of the ipsilateral carotid artery within 6 months before entry. Ulcer is defined as a concavity in the plaque that has a lower basal border compared to the adjacent plaque surface through CT angiography.

Surgical procedure
------------------

Patients had been given at least 1 antiplatelet agent (aspirin, 100 mg daily; cilostazol, 200 mg daily; or clopidogrel, 75 mg daily) for a minimum of 7 days before the operation. CEA was performed under general anesthesia with intraoperative monitoring. Intraoperative monitoring was done by transcranial doppler (TCD) or electroencephalography (EEG). Before the clamping of carotid artery, intravenous heparin (5,000 units) was administered to prevent the occurrence of acute thrombosis. When internal carotid artery (ICA) blood flow was reduced over 50% after clamping of ICA on TCD, or when significant EEG changes happened during operation, or the bones of the skull blocked the transmission of ultrasound, selective shunt (Pruitt-Inahara carotid shunt with T-port; LeMaitre Vascular Inc., Burlington, MA, USA) was placed. Surgical options were comprised of conventional and eversion CEA. The conventional CEA (cCEA) is a standard longitudinal carotid arteriotomy with or without patch angioplasty, whereas eversion CEA (eCEA) is done in the order of oblique transection, eversion of ICA and reimplantation of the latter into the common carotid artery ([Fig. 1](#F1){ref-type="fig"}).

MRI technique
-------------

For evaluation of embolic events during procedure, MRI (Gyroscan Intera 1.5T, Philips Medical Systems, Best, The Netherlands) was performed in all patients within 1 week after treatment. The protocol included isotropic DWI sequence. MRI was analyzed by experienced neuroradiologists. The primary outcome was the occurrence of any new hyper-intense DWI lesion on the posttreatment scan that had not been present on the pretreatment scan ([Fig. 2](#F2){ref-type="fig"}).

Patient assessment
------------------

Data were retrospectively investigated by review of vascular registry protocol. Seven clinical variables and three procedural variables were analyzed as potential risk factors for NBL on DWI after CEA. The clinical variables considered were sex, age, side of lesion, neurologic symptom, severity of stenosis, level of lesion and ulcer on plaque. The procedural variables included the type of operation, the usage of shunt and the era (2006-2008 or 2009-2011). Preoperative and postoperative neurological examinations were investigated by a neurologist. Duplex scan (iU22 xMATRIX ultrasound system, Philips Medical Systems, Bothell, WA, USA) was performed on all the patients at 1, 3, 6, and 12 months for the first year and annually, thereafter. Early complication was defined as any stroke or death and other complication occurring within 30 days after treatment. Midterm complication was defined as any stroke or death occurring after 30 days after treatment.

Statistical analysis
--------------------

Statistical analysis was performed using IBM SPSS ver. 18.0 (IBM Co., Armonk, NY, USA). Continuous data are reported as mean ± standard deviation. Nominal data were reported as number of subjects and percentage of individuals affected. Univariate and multivariate analysis performed to determine the risk factor for NBL after CEA. The used univariate analysis was chi-square test, Fisher exact test and Student t-test. Multivariate analysis was performed by the use of binary logistic regression analysis. A P-value \< 0.05 was considered to be statistically significant.

RESULTS
=======

Demographic and clinical characteristics of total patients are presented in [Table 1](#T1){ref-type="table"}. A total of 94 patients were included this study. The mean age was 66.64 ± 7.18 years old and 86.2% was male patient. Patients with symptomatic ICA stenosis were 72 (76.6%). Mean diameter of stenosis was 79.15% ± 12.53% in accordance with NASCET criteria. 24 patients (25.5%) had ulceration on plaque and 51 patients (54.3%) had left ICA stenotic lesion. Patients with the lesion located in the body of second cervical vertebra were 21 (22.3%). The common comorbidities were hypertension and hypercholesterolemia followed by smoking, diabetes, and coronary artery disease. NBL occurred in 26 patients. The incidence of NBL in ulcer positive patients and ulcer negative patients was 10 (41.7%) and 16 (22.9%), respectively.

As shown in [Table 2](#T2){ref-type="table"}, all patients were treated under general anesthesia. Intraoperative monitoring was done by TCD in 79 cases, EEG in 56 cases and combined methods in 41 cases. Shunts were used in 29 cases for the prevention of ischemic events. The incidence of NBL in 29 shunted patients and 65 nonshunted patients was 12 (41.4%) and 14 (21.5%), respectively (P = 0.047). Fifty-three patients underwent CEA by conventional technique and 41 patients underwent eversion technique. NBL was found in 19 patients (35.8%) who underwent conventional technique and 7 patients (17.1%) who underwent eversion technique (P = 0.044). Fifty percent of patients had their operation performed before January 2009. Sixteen patients (34.0%) had NBL from 2006 to 2008 and 10 patients (21.3%) had NBL from 2009 to 2011 (P = 0.167).

We examined the early and midterm postoperative complications. [Table 3](#T3){ref-type="table"} shows the early complications within thirty days after CEA. There were 6 cases of nondisabling ipsilateral stroke such as amaurosis fugax and TIA. There was no postoperative myocardiac infarction but 3 wound hematomas, 4 cases of cranial nerve palsies, and 1 case of hyperperfusion syndrome developed postoperatively. All of these events were treated conservatively without any complication. Thirty days after CEA, there were 3 cases of stroke and they were treated without any sequelae. And there were no deaths during the follow-up period ([Table 4](#T4){ref-type="table"}). Mean follow-up duration was 24 months.

To identify the risk factors for NBL after CEA, we performed univariate and multivariate analysis ([Table 5](#T5){ref-type="table"}). In univariate analysis, the usage of carotid shunt and type of operation was significantly associated with the development of NLB (P = 0.047 and P = 0.044, respectively). In multivariate analysis by logistic regression analysis, the presence of ulcer on plaque (odds ration \[OR\], 3.706; 95% confidence interval \[CI\], 1.142 to 12.027; P = 0.029) and type of operation (OR, 0.225; 95% CI, 0.530 to 0.949; P = 0.042) were identified as significant risk factors for NBL after CEA. In our center, cCEA is preferred when shunt is needed or the level of lesion is high. In 2009-2011, we attempted eCEA more regularly. Thus, in order to check for multicollinearity, we exclude confounding variables such as level of lesion, carotid shunt and era of operation and performed multivariate analysis. As a result, the significance of the presence of ulcer on plaque (OR, 3.112; 95% CI, 1.043 to 9.287; P = 0.042) and type of operation (OR, 0.303; 95% CI, 0.104 to 0.884, P = 0.029) were retained. The usage of shunt and higher location of lesion were more frequently developed to NBL, but it failed to prove any statistical difference (P = 0.069). Age and gender were not associated with the incidence of NBL. No significant relationship was found between NBL and the degree of stenosis.

DISCUSSION
==========

In this study, CEA was performed with acceptable periprocedural complication rates. There were no fatal complications, such as ipsilateral disabling stroke, myocardial infarction and mortality. And we found that the presence of ulcer on plaque and the conventional type of operation are statistically significantly associated with the occurrence of NBL after CEA.

The incidence of NBL associated CEA on postoperative MRI has been variously reported from 0% to 34% \[[@B12]\]. In our data, periprocedural NBL was observed in 27.6% of patients. This is compatible with previous results. But the incidence of NBL is rather high with cCEA compared to other studies. The reasons for the difference of incidence originated from regional differences, study method, patient characteristics, surgical technique and so on.

There are a few studies concerning the risk factor of NBL after treatment of carotid artery stenosis. The NASCET \[[@B13]\] examined 1,415 patients who underwent CEA and investigated surgical results. This trial reported that CEA is a durable procedure and five baseline variables were associated with a statistically significant increased risk of perioperative stroke and death: a hemispheric TIA compared with a retinal TIA as the qualifying event, a left-sided procedure, the presence of contralateral carotid occlusion, an ipsilateral ischemic lesion on the entry CT scan, and irregular or ulcerated plaque detected by angiography on the side of surgery. Lee et al. \[[@B14]\] investigated 233 CEAs performed on 222 patients with carotid artery stenosis. In this study, plaque with ulceration was a significant risk factor for the development of postoperative new brain infarction. In the European Carotid Surgery Trial \[[@B15]\], female sex, systolic hypertension and peripheral vascular disease were identified as independent risk factors for CEA related stroke and death in a multiple regression analysis. There was a trend towards an increased operative risk with irregular and ulcerated plaque in the ipsilateral carotid artery. The New York Carotid Artery Surgery, including 9,308 patients who underwent CEA, reported that the presence of a deep carotid ulcer was marginally associated with greater odds of perioperative death and stroke after CEA \[[@B16]\]. As you can see, plaque ulceration is highly associated with the occurrence of NBL after CEA.

In the aforementioned studies, type of operation was not investigated as a variable. In our study, there are two surgical options, cCEA and eCEA. Patients treated with conventional technique had a significantly higher incidence of NBL compared with patients treated with eversion technique. A large scaled meta-analysis of randomised and nonrandomised studies about the comparative results of cCEA and eCEA was performed by Antonopoulos et al. \[[@B17]\]. In this study, 8,530 eCEA and 7,721 cCEA procedures were investigated and eCEA compared to cCEA was associated with a lower incidence of perioperative stroke. Although perioperative stroke was not confirmed on MRI, this meta-analysis and our data showed the potential superiority of eCEA regarding perioperative stroke in common. But, in order to conclude that the cCEA is a risk factor for NLB after CEA, a well-designed prospective study is needed. In our institute, shunt is inserted when decreased blood flow is confirmed by TCD during clamping. Reduced blood flow before surgery has a high risk of ischemia \[[@B18]\]. And, obligate shunt usage during procedure is reported to relate higher incidence of new ipsilateral DWI lesions compared to selective shunt usage \[[@B11]\]. The most common area of the carotid artery affected by atherosclerosis is the bifurcation of the common carotid artery \[[@B19]\]. Thus, the portion of patients with high-level lesion is relatively small and these patients are likely to have clotting disorders. And, a high level of lesion is difficult for manipulation. cCEA is preferred when shunt is required or the level of lesion is high \[[@B20]\] and in our multivariate analysis, the use of shunt and high level of lesion were marginally associated with the frequency of NBL (P = 0.069). Due to the influence of both shunt and level of lesion, the surgical technique may be one of the reasons for high incidence of NBL after cCEA. eCEA involves oblique transection and eversion of the ICA, eCEA may offer a great vision of entire parts of the interior ICA wall. So, the handling of embolic source can be easier in eCEA compared to cCEA.

In conclusion, our data shows CEA has acceptable periprocedural complication rates and the existence of ulcerative plaque and conventional technique of endarterectomy are high risk factors for NBL development after CEA.

No potential conflict of interest relevant to this article was reported.

![Conventional carotid endarterectomy with shunt (A) and eversion carotid endarterectomy (B).](astr-86-39-g001){#F1}

![New brain lesions on magnetic resonance diffusion weighted imaging after carotid endarterectomy.](astr-86-39-g002){#F2}

###### 

Patient demographic and clinical data
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Values are presented as mean ± standard deviation or number (%)

NBL, new brain lesions; ICA, internal carotid artery; TIA, transient ischemic attack; C, cervical vertebra.

###### 

The details of carotid endarterectomy
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TCD, transcranial doppler; EEG, electroencephalography.
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Early (≤30 days) postoperative complications
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^a)^Transient hypoglossal nerve palsy.

###### 

Midterm (\>30 days) postoperative complications
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###### 

Risk factors analysis for new brain lesions after carotid endarterectomy on diffusion-weighted MRI identified univariate and multivariate logistic regression analysis
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MRI, magnetic resonance imaging; OR, odd ratio; CI, confidence interval; ICA, internal carotid artery.

^a)^P\<0.05.
